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Abstract 

00 

The predictions of an isospin model are compared with the branching ratios 
^ ■ of the 5 and 6 pion decays of the tau lepton. In both cases, the isospin model 

suggests that the tau favours decays in which there is an uj resonance. Recent 
Ph! measurements of such tau decays confirm this hypothesis. If the decay of the 

r-| ! tau to 7 pions also proceeds through an intermediate ou, then the isospin 

model predicts that the branching ratio of the r~ — > 4tt~37t + i> t should be 
small when compared with other 7 pion decays. New limits on this mode 
^ ■ appear to support this argument. 
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The large samples of tau leptons at CLEO and LEP have made it possible 
to measure the branching ratio of rare multi-pion modes. Further, advances 
in the understanding of the detectors have helped to identify the underlying 
resonances, such as the rj and u, in these decay modes The isospin model 
|2| can been used to predict the relative branching ratios of the 5 and 6 
pion decay modes || |4[. We re-examine the predictions in light of the new 
branching ratio measurements and find that the isospin model predicts that 
decays involving uo resonances should be favoured. If the decay of the tau 
to 7 pions also proceeds through an intermediate u, then the isospin model 
may explain the non-observation of the r~ — > 4:-k^?>tt + v t decay. 

The isospin model can describe the decay of the tau into multi-pion final 
states. A system with iV pions can be expressed in terms of orthogonal states 
labeled by three integers {N x N 2 N 3 ), where N = Ni + N 2 + N 3 and N t > 
N 2 > N3. The numbers (N\ N 2 N3) give the internal pion symmetries: N% is 
the number of 3ti states with 1 = (uj) states; N 2 — N 3 gives the number of lix 
states with I = 1 (p) states; and Ni — N 2 gives the number of ti states. The 
different states can be associated with the different dynamical mechanisms 
(see table p. The isospin model does not predict the relative strength of each 
state for a given number of pions. Consequently only limits on the relative 
branching ratios can be predicted. The relative branching ratio is defined to 
be the ratio of the width of a particular iV-pion tau decay channel to the 
total width of all the iV-pion tau decay channels. The coefficients relating 
the isospin states to the observed final states in 5 and 6 pion tau decays can 
be found in [||]. 

The isospin model prediction for 5 pion decay modes is shown in fig. |l|. 
The square markers correspond to the solution where the tau decays exclu- 
sively to that state. The points in fig. |l| are the experiment results given in 
table [[J and are found to be consistent with the prediction of the isospin 
model. The data suggests that the tau prefers to decay to the (221) or {uip) 
state, implying that the r~ — > 27r~7r + 27r°z/ r branching ratio should be domi- 
nated by the r~ — > Tr~u7r°u T decay mode where uo — > 7r + 7r~7r°. The branching 
ratio of the t~ — > it~u)ir°i> T decay mode is (4.3 ± 0.5) x 1CT 3 || so that the 
fraction of the r~ — > 27r~7r + 27r°z/ r branching ratio ((4.9 ±0.4) x 10~ 3 0) due 
to the t~ — > ix~ojix®v t decay is approximately 80%. This result is in good 
agreement with the isospin model prediction. 

The prediction for the 6 pion tau decays is given in fig. || The experimen- 
tal values of the branching ratios for the 6 pion modes are given in table |2|. 
Note that there are no measurements of the r~ — > 7T~57r°i> T mode. In fig. Q 
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the relative branching ratios are plotted assuming that the r~ — ► 7r~57r°z/ r 
branching ratio is zero. With this assumption, the isospin model suggests 
that the (321) or (cj/wr) state should dominate. In this situation, a large frac- 
tion of the r~ — > 37i^27i + 7T°u T and r~ — > 27r~7r + 37T°z/ r branching ratio would 
be due to the r~ — > 2-k^-k + ujv t and r _ — > 7r~cj27r°z/ T decays, respectively. If 
this assumption about the r _ — > 7r~57r z/ T branching ratio is not correct, then 
the fraction from the t~ — ► 2tt~ , k + up t and r~ — > ti^uj2ti q v t decays would 
decrease accordingly. 

The CLEO Collaboration has measured the r~ — > 7r~c<j27r z/ T branching 
ratio to be (1.9 ± 0.8) x 10~ 4 [0]. If the t~ — > 7r _ c<j27r z/ T decay was the 
only source of the r~ — > 27r~7r + 37r°z/ T decay, then the r~ — > 27r~7r + 37r ( V r 
branching ratio would be (1.7 ± 0.7) x 10~ 4 . Given that the measured value 
of the r~ — > 27i^7T + 37T°u T branching ratio is (1.44 ± 0.81) x 10~ 4 , one could 
conclude that the r" — > 27r~7r + 37r°z/ T branching ratio is entirely due to the 
r~ — > n~uj27r v T decay although the uncertainties on these measurements are 
quite large. The CLEO Collaboration in first pointed out the importance 
of the r~ — > -k^uj2t[ q v t decay in 6 pion tau decays. If the r _ — > 27r~7r + 37r z/ r 
branching ratio is exclusively due to the r _ — > ir~u2ir°v T decay, then the 
isospin model predicts that the r _ — > 37r~27r + 7r°z/ T branching ratio would 
also be entirely due to the t~ —* 2n~ n + uv T decay. Unfortunately there are 
no measurements of the r~ —> 2h~'k + u)v t branching ratio, however, it should 
be possible to measure this branching ratio with existing data sets. 

A number of experiments have looked for tau decays to 7 pions in the 
t~ — > 47r~37r + z/ T B P, [T0(| and t~ — > 37r _ 27r + 27r°z/ T modes pl]|. There are 



six states predicted by the isospin model (see table P and the branching 
ratios of these states to the observable final states are given in table [| If 
the tau decays to states that include an uj then the (421) or (a;p27r) and 
the (322) or (2ujit) states should dominate the 7 pion decays. This would 
mean that the r~ — > 37r~27r + 27r°z/ r and r~ — > 27r~7r + 47r°z/ r modes would be 
the largest 7 pion tau decays and the r~ — > A-K~?>it + v T and r~ — > it~Q-n v T 
modes would be very much smaller. As mentioned, there are no experimental 
measurements of any 7 pion branching ratios, however there are limits on the 
t~ — > 47r~37r + z/ T mode of 2.4 x 10~ 6 flTl and on the r~ — > 3'K~2ir + 2ir v T mode 



of 1.1 x 10~ 4 0. The limit on the r~ -> 4tT "37r + z/ T branching ratio is quite 
small and hints that the u; resonance still dominates in the 7 pion channel. 

In summary, the isospin model gives a good description of the 5 and 6 
pion tau decays. It is able to predict the large contribution of the uj resonance 
in these tau decays. If the 7 pion tau decays also favour decays via the uj, 



3 



then the isospin model could explain the low branching ratio limit on the 
t~ — >• 47r~37r + z/ r branching ratio. 
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Table 1: Isospin states and decay modes for multi-pion tau decays. 
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Table 2: The branching ratios of the 5 and 6 pion tau decays. The branching 
ratios are the fit-value from the Particle Data Group Compilation |5|] and 
exclude the contributions from tau decays involving an intermediate K° or 
rj resonance. The third column gives the relative branching ratio for the 
decays. 

Mode BR Relative BR 

5 pion decays 

t~ — > 7r _ 47r ^ T 

6 pion decays 

T~ -> 37r-27r + 7r°z/ r (2.2 ± 0.5) x 10~ 4 0.60 ±0.15 

r" -> 27r-7T + 37r°z/ T (1.44 ± 0.81) x 10" 4 0.40 ± 0.15 

r _ — > 7r~57r°z/ r no measurement 



(7.3 ±0.8) x 10~ 4 0.108 ±0.016 
(4.9 ± 0.4) x 10- 3 0.728 ± 0.067 
1.1 ±0.6 x 10~ 3 0.163 ±0.075 



Table 3: Isospin coefficients for 7 pion states. 
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Figure 1: The isospin model prediction is plotted for the 5 pion r decay 
modes. The relative branching ratios of T 2 T T -n+2TT /'^5n, r37r-27r+/T57r and 
T w - A7T o/T 57T are plotted against each other in the three figures. Note that T 57T 
is set to unity for this figure. The shaded areas are the regions predicted by 
the isospin model. The data points are the experimental results. The labels 
indicate the states when the width of the state is equal to the total 5ir width 
and the width of the other states is zero. 
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Figure 2: The isospin model prediction is plotted for the 6 pion r decay 
modes. The relative branching ratios of T n - 5n o/TQ n , r 27r - 7r +3 7r o/r 67r and 
r37r-27r+7ro/r67r are plotted against each other in the three figures. Note that 
r 67r is set to unity for this figure. The shaded areas are the regions predicted 
by the isospin model. The data point is the experimental results. The labels 
indicate the states when the width of the state is equal to the total 6tc width 
and the width of the other states is zero. The data points shown in (b) and 
(c) have T n - 5n o = but the points have been offset from the axis for display 
purposes. 
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